We investigated effects of dietary administration of stinging nettle (Urtica dioica) on growth performance, biochemical, hematological and immunological parameters in juvenile and adult Victoria Labeo (Labeo victorianus) against Aeromonas hydrophila. Fish were divided into 4 groups and fed for 4 and 16 weeks with 0%, 1%, 2% and 5% of U. dioica incorporated into the diet. Use of U. dioica in the diet resulted in improved biochemical, hematological and immunological parameters. Among the biochemical parameters; plasma cortisol, glucose, triglyceride and cholesterol decreased while total protein and albumin in fish increased with increasing dietary inclusion of U. dioica. Among the haematology parameters: red blood cell (RBC), white blood cell (WBC) counts, haematocrit (Htc), mean cell haemoglobin (MCH), mean cell haemoglobin concentration (MCHC) and netrophiles increased with increasing dietary inclusion levels of U. dioica, some depending on the fish age. Serum immunoglobulins, lysozyme activity and respiratory burst were the main immunological parameters in the adult and juvenile L. victorianus measured and they all increased with increasing herbal inclusion of U. dioica in the diet. Dietary incorporation of U. dioica at 5% showed significantly higher relative percentage survival (up to 95%) against A. hydrophila. The current results demonstrate that using U. dioica can stimulate fish immunity and make L. victorianus more resistant to bacterial infection (A. hydrophila).
Introduction
Due to increasing demands for more proteins, aquaculture the farming of aquatic organisms, including fish, molluscs, crustaceans and aquatic plants has increased worldwide between 1970 and 2010 at approximately 7% per annum [1] . Responding to the increased demand for fish, many previously riverine fish species are now being cultured. For instance, the riverine potamodromic Labeo Victoria (Labeo victorianus Boulenger 1901), which is endemic to Lake Victoria basin [2] is now being cultured at intensive levels [3, 4] and therefore the health management of the cultured species is critical for the sustainable growth of the industry. During intensive fish culture, a variety of microbial agents (viruses, bacteria, fungi and parasites etc.) cause diseases in aquaculture system. Bacterial infections are responsible for most of the mortality in cultured fishes throughout the world. Aeromonas hydrophila, a widespread, opportunistic pathogen, is a facultative anaerobic, chemo-organotrophic gram-negative microorganisms causing motile aeromonas septicemia [5] . Motile aeromonas septicemia, caused by various strains of A. hydrophila, is one of the most common and challenging diseases, causing high mortality in freshwater fishes in the aquaculture units [6] . Antibiotics have been extensively used as growth and immunity enhancer and treatment of bacterial diseases in fish. However, the application of antibiotics and other chemotherapeutics has negative aspects such as risk of creating resistant pathogens, problems of antibiotic residues accumulating in treated fish, and unfavorable impact on the environment [7e9] . Therefore, the demand for replacement of natural products has been rising with a focus on plant products as alternative to antibiotics. In this regard, several plants herbs and their extracts such as: Nyctanthes arbortristis in Oreochromis mossambicus [10] ; Origanum heracleoticum in Ictalurus punctutus [11] ; Lactuca indica in Epinephelus bruneus [12] ; Astragalus radix and Ganoderma lucidum in Cyprinus carpio [13] ; Allium sativum in Labeo rohita [14] ; Prunella vulgaris in Paralichthys olivaceus [15] ; Sauropus androynus in Epinephelus coioides [16] ; Azadiracta indica on Oreochromis niloticus [17] among others have elicited immunological responses in fish.
The stinging neetle, U. dioica (nettle; Urticaceae family) is a native herb in Europe, Asia, North America, as well as in the northern and Eastern Africa [18] . It is an herbaceous perennial plants and chemical composition shows the presence of iron, vitamin A, vitamin B, vitamin B12, acetylcholine, histamine, serotonine, formic acid, salicylic acid, lecithin, carotenoids, flavonoids, sterols and thymol [19e21] . It possesses marked immunostimulation, anticarcinogenic, anti-inflammatory, antioxidant, antianalgesic, antiulcer, antiviral, antibacterial and antifungal activities [20e23] . Studies conducted in juvenile and adult fish with the extract of U. dioica are scanty and scattered. Few researches have reported the beneficial effects of dietary nettle on rainbow trout [24, 25] . There are also very few reports on the effects of dietary supplementation and administration of stinging nettles in biochemical, haematology and immunology in fish (e.g. [26] , more particularly in bacteria challenged fish. More studies are thus needed therefore to fulfill this gap. Therefore, the objectives of the present study was to evaluate the effects of different dietary inclusion levels of U. dioica on the L. victorianus juvenile and adults concerning their growth performance, haematology and biochemical profile as well as on the immune response following experimental challenge with A. hydrophila.
Materials and methods

Fish culture and laboratory setup
The experiment was carried out under controlled hatchery conditions at Mwea Fish Farm, Kenya. Mature L. victorianus were collected from River Mara in Kenya during the breeding season and reared at Mwea Fish Farm broodstock tanks. Three mature female broodstock (mean weight ¼ 3402 ± 5.5 g) and two mature males (mean weight ¼ 470 ± 11.1 g) were netted from the tanks and transferred to the hatchery. Larvae were obtained through induced breeding and semi-natural spawning. Initially about 2500 larvae were hatched. During the culture period, the larvae were fed Artemia nauplii. The larvae were cultured for a period of 21 days to an initial mean weight of 25.0 ± 2.2 g in a flow-through racewaytype 2500ÀL open water tanks, supplied with filtered dechlorinated tap water at a rate of approximately 50 L h À1 . The water was continuously aerated, and temperature controlled thermostatically at 26.0 ± 1.5 C. Before the beginning of the experiment, fish were fed a commercial extruded tilapia feed (Raanan Fish Feed Co., Israel: crude protein 280 g kg À1 ; crude lipid 56 g kg À1 ; crude fibre 61 g kg À1 ; ash 62 g kg À1 ; NFE, 541 g kg À1 ). After acclimation, juveniles were netted from the nursery ponds and transferred to 12 fiberglass open flow-through tanks of capacity 500 L containing tap water that had been stocked in an intermediate holding tank for at least 48 h to remove chlorine and well aerated by means of electric pump with air stone diffusers. The water salinity of the tank as determined by salinometer (Model IC/SB-1 Salinity Cell) was 0.3 psu; NO À 2 < 0.06 mg L À1 ; NO 3 < 0.01 mg L À1 ; NH 3 < 0.02 mg L À1 ; pH 7.2). The fish were held in the tanks for a period of six days before the start of the experiment. The health of the juvenile fish (changes in behavior and physical appearance) was checked before starting the experiment. No mortality was reported during this initial acclimation period. Fish were held under natural light, with a photoperiod regime of 12-h light and 12-h dark (0 34 0 13.8 00 N and 35 18 0 49.8 00 E) at a constant temperature 26.5 ± 0.5 C maintained using thermostat heaters. The flow-rate was constantly regulated at about 20 L h À1 to maintain dissolved oxygen above 80% of the saturation level. Testing conditions included 500 fish (1 fish L À1 ) (to simulate intensive culture conditions), with each formulated diet being experimentally tested in triplicate. The fish were then cultured for 16 weeks (when the fish reach table size and thus assumed to be adult) under experimental diet. During the culture period fish were fed 3e4% body weight twice on daily basis.
Plant materials and preparation
Fresh leaves of U. dioica were procured near Karatina Town, in Kenya. Authentication and identification of the plant was carried out at the Department of Biological Science, Karatina University. The plants were cleaned and cut into small pieces, and then air dried. The dried samples were then pulverized into fine powder in a grinder, which was then stored at À4 C until use.
Culture of bacterial pathogens
A virulent strain of A. hydrophila (B2/12) was obtained from the Department of Microbiology, University of Eldoret, cultured in nutrient broth (composition Peptic digest of animal tissues: 5 g L À1 , Beef extract: 2 g L À1 , Yeast extract: 2 g L À1 ) for 24 h at 37 C. The bacterial culture was centrifuged at 3000 g for 10 min. The supernatant was discarded and the pellets were resuspended in phosphate buffered saline (PBS, pH 7.4). The optical density (OD) of the bacterial suspension was adjusted to 0.5 at 456 nm corresponding to 1 Â 10 7 and kept in the water bath at 60 C for 2 h. This bacterial suspension was used for the challenge test. Sterility was confirmed by lack of growth on the nutrient agar.
Diet formulation
Four experimental diets were formulated to contain approximately 30% crude protein, 7.8% crude lipid, 42.3e42.8% NFE and 17.3 MJ kg À1 as shown in Table 1 . The diet without U. dioica was used as the control group. The U. dioica was added to the test diets at levels of 10, 20 and 50 g (kg diet À1 ) with a corresponding decrease in the amount of cellulose. Dietary ingredients were ground and passed through a 0.05Àmm mesh sieve and homogenized for 3 min in a blender (Hobart M-600; Hobart Corp., Troy, OH, USA). Simon-Heese pelleting machine (Boxtel, The Netherlands) was used to pelletize the wet mixture after addition of cassava as binders. The 500Àmm pellets obtained were dried in a forced-air oven at 45 C for 4 h. The pellets were packed in plastic bags and refrigerated at À4 C until use.
Blood sampling
At week four and week 16, 10 fish from each tank were randomly captured with dip nets and quickly anesthetized with benzocaine (5 mg L À1 ) for 2e3 min. Blood was withdrawn from the caudal vein of each sampled fish into 2 mL sterilized hypo-dermal syringe. One half of each blood sample was transferred to microtube containing heparin anti-coagulant and immediately used for respiratory burst assay and hematological examination, while the other half was transferred to non-heparinized micro tube, placed at room temperature and allowed to clot for 2 h. Sera were separated by centrifugation at 1500 g for 20 min and stored at À20 C until use.
Determination of biochemical parameters
Plasma cortisol was analyzed using radioimmunoassay with a Coat-to-Count Kit (Diagnostic Products Corporation, Los Angeles, CA, USA). Blood glucose was measured according to King and Garner [27] . Albumin, triglyceride, cholesterol were estimated using commercial kits (Pars Azmoon, Tehran, Iran) and a biochemical auto analyzer instrument (Eurolyser, Belgium) [28] . Serum total protein was quantified using a BioRad Protein Assay Kit (no. 500-0006, Bio-Rad Laboratories, New Orleans, LA, USA) with bovine serum albumin as the standard following method detailed in Bradford [29] .
Haematology
Numbers of erythrocytes (red blood cells (RBC) count, 10 6 cells ml À1 ) and white blood cells (WBC count 10 4 cells ml À1 ) were determined by the haemocytometer. Haematocrit (Htc%) was determined by microcentrifuge technique, using standards heparinized microhaematocrit capillary tubes (75 mm at 7000 g for 10 min) [30] . Haemoglobin concentrations (Hb g dl À1 ) were determined spectrophotometrically at 540 nm by measurement of the cyamethaemoglobin method [31] . The leukocyte differential count (neutrophiles) was made in peripheral blood smears stained by Giemsa [32] and percentages of leukocyte types were calculated. The hematological indices of mean cell volume (MCV: fL), mean cell haemoglobin (MCH: pg), mean cell haemoglobin concentration (MCHC: g dL À1 ) were calculated using the total RBC count, Hb concentration and Htc [31] .
Determination of immune parameters
To determine the immunological parameters, we measured the total serum immunoglobulin, lysozyme activity and respiratory burst activity. Modified Anderson and Siwicki [33] method was followed for the estimation of total immunoglobulin plasma. Blood sample was centrifuged at 1000 g for 5 min. 0.1 mL of plasma was placed into a plastic serum vial and same volume of 12% polyethylene glycol was added and suspended in deionized water. Incubation was done at room temperature for 2 h under constant mixing. After that at 5000 g centrifugation was done for 10 min, taken out the supernatant and protein concentration were determined. Protein reading from supernatant was the amount of protein taken out by absorption to polyethylene glycol. Serum lysozyme activity was measured using a modified turbidimetric method described by Ellis [34] . The oxidative burst produced by leukocyte of the blood samples was measured by Chemiluminescent assay (CL) (measuring of light emission) as described by Khoshbavar-Rostami et al. [35] using an automated system for CL analysis (LUMI skan Ascent T392, Finland). Respiratory activity was measured by their oxidative burst using the chemiluminescence assay according to Verlhac et al. [36] , with adaptations and PMA as stimulus. The chemiluminescence response was measured on an automated luminometer (Bio Orbit LKB 1251, Turkey, Finland). Substrate used to assess the chemiluminescence response was luminol. Luminol was stored at 0.01 M in DMSO and the working solution was obtained by diluting the stock solution at 1:1000 in HBSS. Into polystyrene tubes, 10 mL luminol solution 10 À5 M, 280 mL leukocytes suspension (6 Â 10 5 cells) and 10 mL PMA 10 À5 M were mixed. The volume was adjusted to 1 mL with HBSS/gelatin 0.1% and PMA was the last component added. For each sample, there was a negative control without PMA addition. Subsequently, tubes were put into the luminometer at 22 C. The course time of chemiluminescence response was followed by counting the rate of photons emitted at constant time interval (10 min) and registered in millivolts. The results of light emission are expressed in the form of relative light units per second (RLU s À1 ).
Determination of growth performance
Growth in weight of the fish was expressed as specific growth rate (SGR). The SGR (% body weight day À1 ) was calculated using the formula (ln (W 2 )Àln (W 1 ))/number of days)*100 where W 2 and W 1 are weights on day t 2 and t 1 respectively. Calculation of food conversion ratio (FCR) based on measurements of the dry matter content at the start and at the end of the experiment was defined as the total food ration (dry matter) per unit of dry fish weight.
Challenge tests with A. hydrophila
At the end of the experiment (after 4 weeks and 16 weeks). Briefly ten fish from each experimental group were challenged by injecting 0.10 mL of A. hydrophila suspension intraperitoneally and maintained in separate tanks. Mortality was observed for 21 days. Tissues were removed from the dead fish for bacteriological culture to confirm A. hydrophila as the cause of death. A group of five fish per groups were sampled to monitor biochemical, hematological and immunological parameters as described earlier.
Survival was calculated as: Relative percentage survival (RPS) Table 1 Ingredients and proximate composition of the experimental diets (g kg À1 ) used during the L. victorianus culture.
Utrica dioca prepared diet (g kg À1 )
Control (0%) 1% 2% 5% Results of the assays, except for the challenge test are presented as average (±Standard Deviation) for five fish per treatment group. Significant differences between groups were determined by oneway analysis of variance (ANOVA). Tukey test was used for multiple comparison of means. Data were analyzed using STATISTICA (ver. 10) (StatSoft, Inc., Tulsa, OK). Mean values were considered significantly different at p < 0.05.
Ingredients
Results
Growth performance of L. victorianus
All fish feed diets containing U. dioica showed significant increase in growth compared to those fed only control diet (p < 0.05) and growth increased with increasing dietary level of U. dioica. In addition, SGR and FCR in fish fed diets containing U. dioica was significantly greater than the control diet ( Table 2) . We observed increasing SGR and FCR with increasing inclusion of U. dioica in the diet.
Biochemical profile
Results showing the biochemical parameters of L. victorianus under varying dietary administration of U. dioica are shown in Fig. 1 . There were significant (p < 0.05) variation in the biochemical parameters for all the treatment groups in juvenile (week 4) and adult (week 16) L. victorianus under different dietary inclusion levels of U. dioica. Plasma cortisol and glucose decreased with increasing U. dioica in the diet of juveniles and adults fish. After bacteria challenge, the overall plasma cortisol and glucose levels reduced in fish with increasing dietary U. dioica inclusion. The pre and post challenge total protein and albumin in juvenile and adult fish showed similar trend of increasing with increasing dietary inclusion of U. dioica. The value of total protein and albumin were lower in bacteria challenged fish compared to the unchallenged fish. Triglyceride and cholesterol decreased in similar pattern with increased inclusion of U. dioica in diet both for the bacteria unchallenged and challenged fish.
Haematology profile
We also determined varying trends in the haematology parameters in juvenile and adult fish (Figs. 2 and 3) . In healthy juvenile fish at week four, the RBC counts was significantly the highest in fish fed at 5% U. dioica inclusion followed by 1 and 2% before bacterial challenge. After bacteria challenge, there was a significant increase in RBC counts with increasing dietary inclusion of U. dioica. The counts of WBC and Htc increased significantly with increasing dietary inclusion of U. dioica both in the healthy and bacterial challenged fish. Hb did not change in tandem with increased dietary inclusion of U. dioica in healthy juvenile L. victorianus. However, in the bacterial challenged fish and in the adult fish, Hb was observed to increase with dietary inclusion of U. dioica.
Except for lymphocytes, other haematology parameters such as MCV, MCH, MCHC, and neutrophiles were significantly (p < 0.05) affected by dietary inclusion of U. dioica (Fig. 3 ). The MCV level increased with increasing dietary inclusion of U. dioica only in the bacteria challenged L. victorianus at week four and week 16. In the healthy fish and when the adult fish was challenged by A. hydrophila, the MCH, MCHC, and neutrophiles increased with increasing dietary inclusion of U. dioica in L. victoria regardless of the fish age. Dietary levels of U. dioica did not significantly (p > 0.05) affect the lymphocyte levels in fish regardless of the fish age.
Immunological parameters of L. victorianus
The results indicated no significant change in serum Ig levels in juvenile healthy fish regardless of the dietary inclusion levels of U. dioica, yet at adult stage, Ig increased with dietary inclusion of U. dioica and was highest at 5% level. Serum Ig increased with dietary inclusion levels in bacteria challenged fish regardless of the fish age. Contrary to Ig, the lysozyme activity and respiratory burst activity of both adult and juvenile L. victorianus increased significantly (p < 0.05) with increasing herbal inclusion of U. dioica in the diet in healthy and bacteria challenged fish (Fig. 4 ).
Pathogenic challenge test
The relative percentage survival (%) of L. victorianus under different experimental conditions is shown in Fig. 5 . At week 4 and week 16 of feeding, most of the mortality recorded during the trial were attributed to the challenge infection with A. hydrophila and these were observed to start after two day post challenge reaching 100% in control diets by day 18. Fish fed diets containing U. dioica in the diet were more tolerant and mortalities were only seen after eight days of exposure to the pathogen. In fish fed diets containing U. dioica, survival was significantly (p < 0.05) lower in fish challenged with A. hydrophila and increased with increasing dietary inclusion of U. dioica upto 95%.
Discussion
Intensification of fish culture is set to increase because of the need for more food to feed the ever increasing human population [4] . Yet pitfalls of increased intensification are widely recognized including poor growth prospects and increased incidences of diseases in the culture units. Growth and improvement in fish health can provide benefits for aquaculture by decreasing production times, reducing FCR, and increasing productivity. To develop alternative practice for growth promotion and disease management in aquaculture, attention has been focused in identifying novel drugs, especially from plant sources. The drugs may be delivered to the organism either through feed supplementation, inclusion or oral delivery. In the present study, we tested the growth, biochemical, hematological and immunological response elicited in juvenile and adult fish (L. victorianus) when fed with standard diets containing varying dietary inclusion levels (0, 1, 2 and 5%) of U. dioica.
In the present study, dietary inclusion of U. dioica from 1 to 5% enhanced growth in L. victoria juveniles (week 4) and adults (week 16) compared to the growth in fish under control diets, with increased growth performance observed at higher dietary inclusion levels of U. dioica. The present study is consistent with studies on O. mossambicus fed dietary extracts of Cynodon dactylon, Aegle mermelos, Withania somnifera and Zingiber oficinale [37] ; Lates calcarifer fed diets containing A. indica at 0.1e0.5% inclusion levels [38] and Clarias betracus fed leaf extracts of Ocimum sanctum [39] . Also L. rohita improved growth when fed diets with Livol (IHFÀ1000) herbal extracts [40] . The positive growth response of L. victorianus could be due the presence of growth promoting components in the leaf of U. dioica. It is widely believed that U. dioica contain capsaicin, cinnamaldehyde, and carvacrol which have been shown to improved growth performance in poultry [41] . Herbs and phytogenic products could control and limit the growth and colonization of numerous pathogenic and nonpathogenic species of bacteria in fish guts. This may lead to a greater efficiency in the utilization of food, resulting in enhanced growth and improved feed efficiency [42] . There is evidence to suggest that herbs, spices and various plant extracts have appetite-and digestion-stimulating properties in some animals that may enhance food utilization and conversion efficiency hence improved growth prospects [43] .
The evaluation of biochemical characteristics in fish are important in understanding the normal, pathological processes and toxicological impacts [44] . Biochemical profiles of an organism may provide important information about the internal environment of the organism. Our results revealed significant influence of dietary inclusion of U. dioica on the biochemical parameters of juvenile and adult L. victorianus. In the current study, plasma cortisol and glucose decreased with increasing U. dioica in the diet of juveniles and adults fish, which differ from those reported in L. rohita fed diets supplemented with O. sanctum extracts [45] . Any form of disturbance in fish culture units usually result in production of high cortisol due to mobilization of energy for osmoregulatory purposes [46] and increased blood glucose levels intermediated by catecholamines that stimulate glycogenolysis in the liver [47] . Therefore the apparent reduction in plasma cortisol and glucose due to increasing dietary inclusion of U. dioica in the diet may mediate primary stress in the culture units. Increase in the serum protein, albumin and globulin levels is thought to be associated with a stronger innate response in fish [48] . In this study, increasing inclusion of U. dioica in the diet increased total protein and albumin, even in bacteria challenged fish similar to studies on rainbow trout fed ginger, mistletoe and U. dioica [19, 25] , Huso huso fed diets supplemented with U. dioica [26] and L. rohita fed diets supplemented with O. sanctum [45] . Serum albumin is the most abundant protein in the blood plasma of vertebrates and functions as a carrier for a variety of nutrients, metabolites and xenobiotics and it is thought to be the major zinc transporter in plasma, and typically binds approximately 80% of all plasma zinc [49e51]. In the light of the global importance of an adequate zinc supply for many physiological processes, including cell division and differentiation, the increased levels of albumin appear as an improvement of biochemical parameter in fish. Levels of triglycerides and cholesterols decreased with increasing levels of U. dioica inclusion in the diet. The reduction of triglycerides could depend on carvacrol that exist in stinging nettles [52] , which has more impact on lipogenesis than on cholesterol biosynthesis. The reduction in cholesterol of serum blood is because of the existence of plant sterols such as astigmasterol, campesterol and phenolic compounds [53, 54] . Due to reduction in cortisol and glucose, increased protein and albumin as well as reduced triglycerides and cholesterol all point towards improved biochemical parameters in fish. Moreover, depending on the parameters analyzed, recent studies suggest that the use of U. dioica improved the biochemical parameters in rainbow trout, Oncorhynchus mykiss [19, 24, 25] and beluga, H. huso [26] and in the current study L. victorianus as a constituent of the fish diet.
Blood is a patho-physiological reflector of the entire body and the counts of haematological parameters in blood give an indication to the health status of fish by determining any abnormality occurring owing to the use of immunostimulants [55, 56] . The results of the present study indicated that inclusion of U. dioica in the fish diet increased the RBC counts and the values appeared to increase with increasing dietary inclusion levels of U. dioica in healthy fish. The current result is in agreement with observed increase in RBC in: C. carpio fed extract of Eurphobia hirta [57] and Aegle marmelos [58] , Clarias gariepinus fed Morus alba extract [59] , and juvenile H. huso fed diets supplemented with U. dioica [26] . These results also correspond with those by Nya and Austin [60] who reported the counts of RBC were significantly higher in rainbow trout fed with the garlic-added and ginger-added diets. The apparent increase in RBC after dietary supplementation with U. dioica may be related to presence of iron, vitamin A, vitamin B, vitamin C and vitamin B12 which are required for RBC production [19e21,61] . A significant decrease in RBC count during post challenge correlates with observation of O. niloticus after bacterial inoculation [62] . The WBC in fish also increased with inclusion of dietary U. dioica similar to studies with other fish species [19,24,63e66] . Also, the white blood cell (WBC) counts were significantly increased in fish challenged with A. hydrophila and fed U. dioica experimental diets. The results of this study correspond with those by Nya and Austin [67] who reported the counts of WBC were significantly higher in rainbow trout fed with the garlic-added and ginger-added diets and in broiler chicken which were fed neem-added diet [68] . However, Htc and Hb increased only in adult fish, similar to observations in carp infected with A. hydrophila and treated for 20 or 30 days with neem extract [69] . The presence of flavonoids in neem leaves are known to act as an antioxidant which neutralises highly unstable and extremely reactive molecules, called free radicals, which attack the normal cells of the body and cause a variety of health problems. Also MCH, MCHC and neutrophiles in adult fish increased with increasing inclusion levels of U. dioica in the diet, which may be attributed to the activation of the non-specific immunity mechanism. The increase in RBC, WBC counts, Htc, Hb, MCV, MCH, MCHC, neutrophils, and lymphocytes following dietary inclusion of U. dioica diet indicate the immunostimulant effects and anti-infection properties of the plant.
Enhancement of the immune system seems to be the most promising method of preventing diseases in fish. The innate (nonspecific) immune defense system of fish is considered to be the first line of defense against invading pathogens and is more important for fish than mammals [70] . Immunoglobulin (Ig), the primary antibody of fish, is a major component of the teleost humoral immune system, and it is used to identify and neutralize foreign objects such as bacteria and viruses. In the current study, the Ig increased with dietary inclusion of U. dioica and was highest at 5% level. The present finding is comparable to the findings of Sivaram et al. [71] in greasy groupers (Epinephelus tauvina) fed with herbal diet containing purified active component of O. sanctum, W. somnifera and Myristica fragrans. Dietary administration of U. dioica might actively stimulate the secretion of immunoglobulin by B lymphocytes. The serum lysozyme is as an indicator of innate immune response in fish [72] . Lysozyme is a cationic enzyme that attack the b-1, 4 glycosidic bond between N-acetylmuramic acid and N-acetylglucosamine in the peptidolycan of bacterial cell walls, which enable the lysozyme to lyse certain gram-positive and gramnegative bacteria [73] . The results of this study revealed a significant increase in lysozyme activity in all treatment groups after, especially in fish receiving the highest doses of U. dioica in diet. Similarly, feeding rainbow trout with 0.5% and 1% tetra (Cotinus coggyria) increased lysozyme activity compared to control [74] . Likewise, an aqueous extract of false daisy, Eclipta alba leaf incorporated into the diet and fed for 2e3 weeks led to an a significant increase in the lysozyme of O. mossambicus [75] . Feeding rainbow trout with 1% Lupinus perennis, Mangifera indica, or U. dioica for 14 days led to a significant increase in serum lysozyme [24] . In the present study, respiratory burst activity was significantly enhanced by increasing dietary inclusion of U. dioica. The present results are in agreement with the previous studies of increased respiratory burst activity of L. rohita fed with Avicennia aspera [76] ; rainbow trout treated with glycyrhizine isolated from Glycyrhiza glabra [77] and Amphiprion sebae fed 4% and 8% supplementation diet for 6e8 weeks [78] . The increased respiratory burst activity could be due to the presence of flavonoid glycosides in the stinging nettle, which can modulate the degranulation and oxidative burst of neutrophils in fish [79] .
After being challenged with A. hydrophila, all the treated groups showed a reduced mortality as compared to the infected untreated group. The maximum survival of 95% was observed in the group fed with 5% supplementation diet against A. hydrophila. Enhancement of the non-specific immune parameters by the U. dioica in the diet could have possibly been an important factor in reducing the percentage mortality, protecting the fish against A. hydrophila infection. Previous studies in this direction have also revealed that dietary supplementation of various herbal extracts reduced the mortality and increased the survival rate against bacterial infection [12, 15, 24, 37, 40, 41, 45, 69, 74, 75, 77, 78, 80] .
Supplementation of immunostimulants in feed can improve fish health and thereby reduce management costs. Among immunostimulants, stinging nettle can be used as a feed additive to replace the antibiotic and enhance sustainable aquaculture. It is concluded that therapeutic potential of the stinging nettle as dietary supplement would improve growth, biochemical, haematology, nonspecific immunity of fish, as evident in this study by the reduced mortality of L. victorianus after challenge with A. hydrophila. The findings of the present study provided new insight into immunostimulatory capacity of the medicinal plant incorporated in fish diet to prevent disease caused by bacteria and possibly contribute to an enhancement in fish welfare. Consequently we recommend dietary inclusion of upto 5% stinging nettle in the diet of L. victorianus.
